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OBJECTIVES
• To develop software that allows us to implement the “method of constant 
stimuli” as a new behavioral testing paradigm in our comparative 
psychoacoustics laboratory.
• To test the newly developed software by comparing the results of our 
traditional “adaptive tracking” paradigm with the new “method of constant 
stimuli” paradigm on a simple intensity increment detection experiment.
INTRODUCTION
• Chinchillas frequently serve as a physiological and behavioral model of the 
human auditory system due to the similarity of both species’ auditory anatomy 
and sensitivity functions.  
• Our lab has been using a 1-up/1-down adaptive tracking procedure (Moody, 
Beecher, and Stebbins, 1976) to study auditory processing in chinchillas.
• Implementing the method of constant stimuli would expand our research 
program, allowing us to measure thresholds for more complex and 
biologically relevant stimuli such as noise or vocalizations, by enabling us to 
pre-generate these highly complex acoustic stimuli.  
• Furthermore, examining the chinchillas’ increment detection performance 
across a range of noise bandwidths will reveal if chinchillas are able to 
combine information across auditory filters (i.e., auditory neurons) or if they 
are limited to processing information from one filter at a time.
METHODS
• The subjects for this study were five chinchillas, each about eight and a half 
years old.  
• The chinchillas were housed in individual cages, maintained at no less 
than 80% of their ad libitum body weight, and were allowed unrestricted 
access to water. 
• The study consisted of two experiments, the first used the adaptive tracking 
technique (see Figure 1) and the second, the method of constant stimuli (see 
Figure 2).  
• Both experiments were designed to measure the 50% correct detection 
threshold for intensity increments in band-limited noise.  
• The stimuli for both experiments were presented and controlled using 
Tucker-Davis Technologies System II stimulus presentation hardware.  
• In the first experiment, the 1-up/1-down adaptive tracking procedure was used 
to measure the chinchillas’ increment detection thresholds for the band-limited 
noise.
• Three noise bands centered at a frequency of 1000 Hz were used. The 
noise spectrum level (No) was kept constant at 40 dB/Hz.
• The noise bandwidths (BWs) were 60, 250, and 1000 Hz                  
(see Figure 3).
• The chinchilla’s task was to signal the detection of an intensity increment 
in the noise band by releasing a lever.  Correct detections were rewarded 
with food pellets.
• While the animals were running under this behavioral testing paradigm, 
the software that implemented the method of constant stimuli procedure 
was being developed. 
• Once this software was finished, the newly developed behavioral 
testing procedure was used to measure intensity increment thresholds 
for the three noise bandwidths. 
• In the second experiment, the stimuli consisted of three sets of one-second 
noise samples derived from the stimuli used in the first experiment.  
• For each condition (i.e., noise BW), a standard stimulus was generated 
from the continuous noise. 
• Several comparison stimuli were then generated from each standard 
stimulus. 
• Using threshold estimates from the adaptive tracking experiment, the 
increment level for each comparison stimulus was set such that one 
comparison stimulus was close to the 50% correct detection level, 
two comparison stimuli were above this level, and two were below 
this level.  
• This procedure generated a large enough range of stimulus intensities 
that the animal’s threshold could be estimated from the resulting 
psychometric function (see Figure 2).
• Each chinchilla was tested under the two behavioral paradigms until it 
produced reliable and consistent data for each stimulus condition.
Figure 3. A schematic depiction of the three conditions tested in these 
increment detection experiments.  The 60 Hz wide noise band is narrower 
than the chinchilla’s 1000 Hz auditory filter and hence stimulates only the 
1000 Hz filter (top).  The 250 Hz wide noise band is about the width of the 
1000 Hz auditory filter and is wide enough to marginally stimulate 
neighboring filters (middle).  The 1000 Hz wide noise band is wide enough to 
stimulate several auditory filters (Niemiec, Yost, and Shofner, 1992) (bottom). 
Thus, if the chinchilla can combine information across its auditory filters, the 
increment thresholds should decrease as the noise bandwidths increase. 
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Figure 1. In the 1-up/1-down adaptive tracking procedure, the stimulus level 
decreases each time the animal correctly detects the stimulus (1-down) and 
increases each time the animal fails to detect it (1-up),  asymptoting at the 50% 
correct detection level of the stimulus (Leavitt, 1971). While adaptive tracking 
is an effective (and efficient) way to measure thresholds with respect to fairly 
simple stimuli, it is much less useful for measuring thresholds for complex, 
biologically relevant stimuli because the computer cannot adequately 
manipulate these complex acoustic stimuli in real time. 
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Figure 2. In the method of constant stimuli, a standard stimulus and several 
comparison stimuli, which differ from the standard across some physical 
dimension, are generated (Niemiec and Moody, 1995). The animal is tested by 
presenting one of the comparison stimuli following a random number of 
standard stimulus presentations. After each comparison stimulus has been 
presented ten times, the animal’s detection rate for each stimulus is computed.  
The resulting psychometric function characterizes the animal’s detection 
performance for this stimulus dimension. Threshold is estimated by fitting a 
regression line (shown in red) to the linear portion of the psychometric 
function and interpolating the 50% correct detection point (blue arrows).
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CONCLUSIONS
• The results of these increment detection experiments support the results of 
Shofner, Yost, and Sheft (1993) which also found that increment detection 
thresholds for chinchillas decreased as noise bandwidth increased. 
• Furthermore, the results of these two experiments have given us interesting 
new information with regards to other on-going research in our laboratory.
• For several years now our lab been studying a phenomenon called co-
modulation masking release (CMR), in which masking noise that is 
correlated across auditory filters (i.e., co-modulated) makes it easier to 
detect a signal tone than uncorrelated noise (i.e., there is masking release). 
• Humans show CMR because their auditory systems are sophisticated 
enough to detect the modulation patterns across multiple auditory 
filters.  However, we have been unable to demonstrate CMR in 
chinchillas (Niemiec, Winter, and Florin, 1999; Niemiec, Florin, and 
Winter, 2000; Niemiec, 2001). 
• We originally speculated that chinchillas were unable to combine 
information across auditory filters, however, the results of the present 
increment-detection experiments indicate that chinchillas can 
combine some types of information across auditory filters. 
• In light of these results, it appears that although chinchillas can combine 
some basic information across auditory filters, their auditory processing is 
not sophisticated enough to allow them to detect correlations across the 
filters.  
• One possible reason for such results might be that, unlike humans, 
chinchillas do not have a modulated communication system. 
• This could explain the chinchilla’s inability to detect co-
modulation across auditory filters and may provide an 
evolutionary explanation for the differential capabilities of the 
auditory systems in these two species.
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Figure 4. A 2 x 3 repeated measures ANOVA was used to evaluate the data 
with respect to the hypotheses. The analysis showed that the threshold estimates 
from the two behavioral testing procedures did not differ significantly (F1,8 =  
0.17, p = 0.6918), indicating that both testing procedures yield comparable 
data.  The increment thresholds from both testing procedures decreased as noise 
bandwidth increased (F2,16 =  34.63, p < 0.0001), indicating that chinchillas are 
able to combine information across auditory filters.  Under both behavioral 
testing paradigms, the increment threshold for the 60 Hz wide noise band was 
significantly higher than the increment thresholds for the 250 Hz and the 1000 
Hz wide noise bands (Fisher’s LSD, p < 0.01).  The thresholds for the 250 Hz 
and 1000 Hz wide noise bands were not significantly different (Fisher’s LSD, 
NS).  Finally, there was no significant interaction between testing procedure 
and noise bandwidth (F2,16 =  0.54, p = 0.5945).
Error bars = SEM
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